Tyrosine aminotransferase (TAT) gene transcription Is specifically activated by glucocorticoid hormones In liver cells. This regulation Involves a glucocorticoid responsive region located 2,500 bases upstream from the transcription start site of the rat gene. By transient transfection of TAT-CAT fusion genes Into a rat hepatoma cell line expressing the TAT gene we found that this region promotes only 30% of the glucocorticoid stimulation. We have Identified a new cis-actlng region far upstream (-5,400) from the transcription start site that is essential to achieve the physiological level of glucocorticoid stimulation of endogenous TAT gene expression. This region corresponds to a tissue-specific DNAse I hypersensitive site which Is constitutive despite the fact It possesses a glucocorticoid receptor binding site. It is by itself almost Inactive on a promoter but it cooperatively enhances the action of the proximal glucocorticoid responsive region. Its activity requires both the glucocorticoid receptor binding site and Its flanking sequences.
INTRODUCTION
The study of steroid hormone effects has contributed to a large extent to our understanding of eucaryotic transcription regulation (for reviews see 1, 2) . Upon binding of the hormone, the receptor Is able to activate transcription of its target genes through interaction with specific DNA sequences (1, 2) . A consensus binding site for the glucocorticoid receptor has emerged from the analysis of many genes positively regulated by glucocorticoid hormones. It is a 15 nucleotkje-long imperfect palindrome comprising two 6 base-long arms, which canonical sequence is TQTTCT, separated by a 3 base-long spacer (1, 2) . This palindrome allows the binding of a receptor dlmer (1, 2) . When placed In close proximity to a promoter, these binding sites are usually able to confer glucocorticoid InducWIIty (1,2). In other cases the level of Induction conferred by these binding sites is low and is increased when such sites are associated with other trans-acting factor binding sites (3, 4) . This association defines a glucocorticoid responsive unit (GRU; ref 4) which is the functional entity when placed at a promoter distant location (5) . In vivo, chromatin structural features may participate in the function of these QRUs. Indeed the interaction of the activated glucocorticoid receptor wtth DNA often leads to the appearance of a DNAse I hypersensitive site (6, 7) that has been shown In the case of mouse mammary tumor virus enhancer to correspond to a nucteosome displacement or alteration (8) .
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Subsequently to this displacement other trans-acting factors bind DNA sequences located In the vicinity of the glucocorticoid receptor binding site (9) .
Tyroslne aminotransferase (TAT, E.C.2.6.1.5) gene is expressed specifically in liver where its transcription is increased by glucocorticoids and it has long been a model system to study glucocorticoid action (for a review see 10) . A complex region located 2,500 bases upstream of the transcription start site Is Involved In glucocorticoid regulation of rat TAT gene expression (11) . Using transient expression assays we have studied glucocorticoid regulation of TAT gene expression In a differentiated rat hepatoma cell Bne in which the endogenous TAT gene is faithfully regulated by this hormone (10, 12) . The present study reveals another level of complexity In the glucocorticoid response of the rat TAT gene: two (rather than one) remote units cooperatively Interact to promote full corticoid induction.
MATERIAL AND METHODS

Plasmid constructions and DNA preparation
Plasmid pTC10 was derived from the promoteriess CAT plasmid pSB1 (13) as follows: the Hind III site upstream from the CAT gene was converted to an Sst I site using a synthetic linker previously described (14) , the TAT 5' flanking region was inserted in this new site as a 10 kblong Sst I fragment originating from lambda TAT3 (14) . This allowed reconstitution of the TAT promoter up to position +3. pTC3 originated from pTC10 by Hind III digestion followed by recircularization of the plasmid which led to deletion of the -10,095 to -3,337 region of the TAT gene 5' flanking sequence. The exact location of the deletion end points was deduced from the nucteotide sequence of the entire 10 kb fragment (15) .
Plasmid pKT10 was constructed by insertion of a Sst l-BamH I fragment of pTC10 containing TAT gene 5' flanking region upstream from the thymidine kinase (tk) promoter of herpes simplex virus In the pUTKAT4 plasmid (16) digested by Sst I and BamH I. pKT3 originated from pKT10 by Hind III digestion followed by recircularization of the plasmid. pKT513 and pKT523
were obtained by Insertion of the -6,100 to -5,180 region into the Hind III site of pKT3. For this Insertion Hind III linkers were added on the Nco I and Bgl II sites surrounding the hypersensitive site n°5 (HS V, see below). pKT51 and pKT52 were obtained by addition of a BamH I linker on the aforementioned Nco I site and insertion of the resulting BamH I -Bgl II fragment into the BamH I site of pUTKAT4.
The Exonudease III method was used to generate the 5' and 3' deletion mutants of the -6,100 to -5,180 fragment (17) . This fragment was subcloned as a Hind III fragment Into the Hind III site of pTZ18 (Pharmacia). After digestion with BamH I and Kpn I, the DNA was successively treated with Exonudease III, S1 nuclease, Klenow fragment and T4 DNA ligase. The extent of the deletion was determined by DNA sequencing (18) . The deleted fragments were excised and Inserted into pKT3 as Sst I -Hind III fragments. The plasmids obtained are referred as pKT123, DKT153 and pKT146 for the 5' deletions and pKT233 and pKT253 for the 3' deletions.
A 290 bp region (-2,630 to -2,341) that covers the whole glucocortlcoid responsive region of hypersensitive site n°3 (HS III, see below and Grange et al. In preparation) was subcloned into the BamH I site of pTZ18 as a Bgl II -Sau3A I fragment obtained after addition of a Bgl II linker on the Ava II site located at -2,630. In pKT123 this 290 bp fragment was substituted for the 2 kb fragment containing HS III giving rise to pKT531. This substitution was achieved by replacing the Hind III -Sal I fragment by a Hind III -Sst I fragment, after filllng-in of the Sal I and Sst I sites. pKT31 was obtained by deletion of trie -5,857 to -5,180 region (a Hind III to Sst I fragment) In pKT531.
Site-directed mutagenesis was performed as described (19) with the following modifications.
The single stranded form of a piasmld was used that corresponds to the fragment extending from nudeotides -5,857 to -5,180 subcloned Into pTZ18 (Pharmacia). The nucteotide sequences of the mutagenlc olgonucteotides used were AATAAAAGAJ.CACGAAGATCACCC for the generation of pMD5°3 and AAGAACACGAIGTTCICCCTGGAG for the generation of pMD5* (the mutated bases are underlined). After In vitro elongation, the reaction mixture was used to transform E. coll C600 mut L, the plasmlds were allowed to replicate for 5 hours, reextracted by the alkaline lysis procedure (20) and then transferred into E. coll JM101. The entire nucleotlde sequence of the TAT gene fragment of both mutants was verified. The fragments obtained were then transferred into their respective test ptasmid.
For transfection experiments plasmids were prepared by the alkaline lysis procedure (20) .
The DNA was purified on two successive CsCI/ethidium bromide gradients. After extensive dialysis, phenol extractions and ethanol precipitation, the DNA was quantified by UV absorption and Its purity verified by gel electrophoresls.
Transfection of nnlls.
Rat hepatoma cells (H4IIEC3; 12) were cultured in Coon's modified Ham's F12 medium supplemented with 5% fetal bovine serum, penicillin and streptomycin in a 10% CO2, 36.5°C incubator (21) . For transfection cells were seeded at 5.10 6 cells per 10-cm plate and incubated overnight in 10 ml of growth medium. Three hours before addition of DMA the medium was renewed. The DNA was applied as a calcium phosphate precipitate (22, 23) hours later by trypslnizatlon for the analysis of the protein content.
For 7 of the tested constructions we have measured the ratio of induction DV oexamethasone as described in the legend of figure 1 using more than one plasmid preparation. No significant differences were observed between different preparations of the same plasmid.
Cell-free extracts and enzymatic assays.
After trypsinizatlon the cells originating from one plate were washed twice with PBS and resuspended In 100 uJ of 250mM Tris HCI pH 7.6, 5mM DTT. The cells were lyzed by three cycles of freezing and thawing. The supernatant of a 15 minute-centrifugation in a microcentrifuge was directly assayed for enzymatic activity.
Protein concentration was determined using the Bio-Rad Protein Assay. CAT, TAT and 8 galactosidase activity were assayed as described (13, 25, 26) .
Nuclei preparation and DNAse I digestion.
H4IIEC3 cells were grown on plates as described above until they reach 80 % confluence. After 15 hours of serum depletion, the cells were treated or not with 10-* M dexamethasone for 2 hours and then scraped In PBS (whithout MgCI 2 and CaCI 2 ) containing or not 10" 6 M dexamethasone. Nuclei preparations were performed as described (27) , except that 2 strokes were given with the dounce homogeneizer using pestle A. DNAse I digestion was performed as
described (27) pKT513 fig 6 with pKT531 fig 7A) . Mutation of the GRBS drastically affected the ability of HS V to enhance the HS Ill-driven glucocortlcokl response (compare pMD5°3 to pKT531, fig 7A) . Thus the GRBS is necessary to the activity of HS V.
Our analysis reveals the existence in TAT expressing hepatoma cells of six major DNAse I hypersensitive sites located around positions -100 (HS I), -1,000 (HS II), -2.500 (HS III). -3,600 (HS IV), -5,400 (HS V), -9,000 (HS VI) (fig 3). HS I, II and III have also been detected in rat liver (7) as well as HS IV, V and VI (G.R. unpublished results). None of these sites are detectable In fibroblasts (G.R. unpublished results). HS III which has been
HS III and HS V individually or in combination have no effect on the activity of the tk promoter in the absence of dexamethasone (not shown). However In contrast to HS III, HS V alone has
The inability of HS V to activate the tk promoter in a glucocorticoid dependent way can be due either to an inadequate structure of its GRBS or to the sequences flanking this GRBS. To distinguish between these two possibilities we modified In HS V the GRBS such as to transform it
Into a perfect palindrome of the motif TGTTCT. This modification of two bases transformed HS V Into a glucocortlcoid responsive region that Is even more active than HS III (compare pMD5* with pKT5, fig 7B and with pKT31, fig 7A) .
DISCUSSION
The glucocorticold receptor Is present In most cell types; however in a given cell type glucocortlcoid hormones regulate the transcription of a tissue-specific set of genes (for reviews see 35, 36) . The modality of this tissue-specificity remains to be explained. One necessary condition to study this specificity Is to use cells in which the endogenous gene is 
